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Edited by Felix WielandAbstract We describe a novel secreted protein, named hOL-
FML1 (human olfactomedin-like protein 1), with an olfectamine
domain in its C-terminus, mainly expressed in the small intestine,
liver, lung and heart. Immunohistochemical staining on human
small intestine indicated that the protein localizes preferentially
in the intestinal villi. Interestingly, ectopic hOLFML1 promoted
proliferation of HeLa cells and increased the percentage of cells
in S phase. In contrast, knock down of hOLFML1 protein
expression by siRNA inhibited cell proliferation and delayed
the entry of cells into S phase. Our data also revealed that hOL-
FML1 is N-glycosylated and its secretion is triggered by serum.
Taken together, these ﬁndings suggest that hOLFML1 may play
a signiﬁcant role in the regulation of cell proliferation in vitro.
 2008 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V. All rights reserved.
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Proteins secreted into the extracellular milieu by cells are po-
tent mediators of cell survival, proliferation, diﬀerentiation,
and fusion [1]. The extracellular accessibility of these proteins
makes them ideal targets for protein therapeutics [2]. Previous
studies from our lab have identiﬁed and characterized some se-
creted proteins based on bioinformatic tools and human geno-
mic information [3–5]. In this study, a novel human protein
named as hOLFML1 (human olfactomedin-like protein 1),
with the olfectamine (OLF) domain (143–397 aa), was also
screened out under the same strategy. OLF domain was ﬁrst
identiﬁed in olfactomedin, an extracellular matrix protein de-
rived from the olfactory neuroepithelium [6]. The OLF protein
family represents an emerging group of extracellular glycopro-Abbreviations: hOLFML1, human olfactomedin-like protein 1; OLF,
olfectamine; aa, amino acid; PCR, polymerase chain reaction; SDS–
PAGE, sodium dodecyl sulfate–polyacrylamide gel electrophoresis;
ER, endoplasmic reticulum; PBS, phosphate-buﬀered saline; GST,
glutathione S-transferase; CHX, cycloheximide
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doi:10.1016/j.febslet.2008.08.009teins characterized by the presence of an OLF domain in their
C-terminus [7]. Among the OLF protein family, olfactomedin
expressed in neural tissues is implicated in the growth and dif-
ferentiation of chemosensory cilia [8]; noelins as secreted gly-
coproteins promote early neurogenesis [9–11]; tiarin secreted
by the ﬂanking non-neural head ectoderm is implicated in dor-
salization of neural tubes [12]; UNC-122 as a conserved post-
synaptic transmembrane protein aﬀects neuromuscular
signaling in Caenorhabditis elegans [13]; and amassin mediates
the massive intercellular adhesion of sea urchin coelomocytes
[14]. All these observations support the view that OLF family
proteins could exert a wide range of biological functions. Thus,
it is worthy to investigate the function of hOLFML1 as a novel
member of human OLF protein family. Here we report the
identiﬁcation and characterization of hOLFML1. Interest-
ingly, hOLFML1 exhibits the promotion of cell proliferation,
along with the increase of percentage of S phase cells.2. Materials and methods
2.1. Bioinformatic analysis of hOLFML1
The online softwares, including SignalP v2.0 (http://www.cbs.dtu.dk/
services/SignalP-2.0/), PSORT II (http://psort.nibb.ac.jp/), and SOSUI
(http://bp.nuap.nagoya-u.ac.jp/sosui/) were used to predict novel se-
creted proteins from the public protein database. The bioinformatic
prediction was performed as described previously [4]. Sequences were
aligned with ClustalW and GeneDoc programs, and phylogenetic tree
was built via the MEGA4 software [15].
2.2. Cloning of hOLFML1
The entire protein-coding sequence of hOLFML1 was ampliﬁed by
polymerase chain reaction (PCR) from the above product with follow-
ing primers: hOLFML1-3.1A-FP (5 0CCGGCTAGCAGAAGA-
GCCACAGCATAAG3 0) and hOLFML1-3.1A-RP (5 0GCCGGTAC-
CCTTCAGAGGCAGCTTTCTC30). The PCR reaction was per-
formed under the following conditions: 94 C for 4 min, 35 cycles of
94 C for 40 s, 60 C for 30 s, 72 C for 50 s, and a ﬁnal extension at
72 C for 5 min. The puriﬁed PCR product was cloned into the mam-
malian expression vector pCDNA3.1A-Myc-His (Invitrogen). To con-
struct a plasmid expressing hOLFML1 in Escherichia coli, the N-
terminal sequence of hOLFML1 was subcloned into pGEX-4T-1
(Amersham) vector with hOLFML1-4T-1-FP (5 0GGGGATCCCCG-
CAGTGTACCCAG3 0) and hOLFML1-4T-1-RP (5 0CCCTCGAGT-
CACATGTTGTCACAGCT3 0) primers.
2.3. Cell culture, transfection, protein puriﬁcation and Western blot
analysis
COS-7, HeLa and Huh-7 cells were cultured in Dulbeccos Modiﬁed
Eagle Medium (DMEM) supplemented with 10% fetal bovine serum
(FBS) or ultraﬁltered-FBS (<10 kDa ultraﬁltrate of FBS) in 5% CO2blished by Elsevier B.V. All rights reserved.
3186 B. Wan et al. / FEBS Letters 582 (2008) 3185–3192at 37 C. Ultraﬁltered-FBS was produced using the Amicon centrifugal
ultraﬁlter devices (Millipore). Fugene 6 (Roche) was used for transfec-
tion according to the manufacturers instruction. Cell viability was as-
sessed using trypan blue staining. Culture media were collected at 48 h
post-transfection and puriﬁed using Ni-NTA agarose (Qiagen); mean-
while, the cells were lysed with sample loading buﬀer. The culture med-
ia and lysate were then subjected to SDS–PAGE and transferred onto
nitrocellulose membranes. Immunoblotting was performed with mouse
monoclonal antibody against c-myc (Santa Cruz Biotechnology) and
developed with IRDye800-conjugated anti-mouse IgG antibody
(Rockland). Immunoreactive proteins were viewed using an Odyssey
infrared imaging system (LI-COR).
2.4. Deglycosylation experiment and in vitro translation of hOLFML1
The puriﬁed culture media and lysate of COS-7 cells were pre-dena-
tured in glycoprotein denaturing buﬀer at 100 C for 10 min. The dena-
tured proteins were then treated with PNGase F (New England
Biolabs) at 37 C for 12 h according to the manufacturers recommen-
dation, separated on 12% SDS–PAGE and followed by Western blot
analysis. The pcDNA3.1-hOLFML1-Myc-His construct was tran-
scribed and translated in the presence of [35S]methionine using the cou-
pled transcription and translation (TnT) system (Promega). The
products of translation were analyzed by SDS–PAGE and detected
by PhosphorImager analysis (Amersham).
2.5. Polyclonal antibody production and immunoﬂuorescence staining
The GST-hOLFML1 (21–142 aa, excluding the signal peptide of 1–
20 aa and the conserved C-terminal OLF domain) fusion protein was
expressed in E. coli BL21 (DE3). The bacteria were incubated at 37 C
until the A600 reached 0.5, shifted to 28 C, and supplemented with
0.2 mM isopropyl-thiogalactopyranoside (IPTG) for 4 h to induce
the expression of GST-hOLFML1. After extensive sonication, the sol-
uble fusion protein was puriﬁed using Glutathione Sepharose 4B aﬃn-
ity columns (Amersham), and used to immunize rabbits for the
production of antisera. The antisera were then puriﬁed sequentially
through a Protein G Sepharose 4 FF column (Amersham) and an
immobilized GST column (Pierce) according to the manufacturerss
protocols.
Immunoﬂuorescence staining was performed to assess the co-locali-
zation of hOLFML1 to Golgi apparatus. Huh-7 cells were cultured in
DMEM supplemented with 10% normal FBS. The pEYFP-Golgi plas-
mid (Clontech) encoding a YFP fusion protein that speciﬁcally targets
the trans-medial region of the Golgi apparatus was used as a marker to
visualize the Golgi. To inhibit protein synthesis, the cell cultures were
treated with 20 lg/ml cycloheximide (CHX) 24 h after transfection.
Anti-hOLFML1 antibody (1:100) and Cy3-conjugated anti-Rabbit
IgG antibody (1:500) (Jackson ImmunoResearch) were employed.
Slides were evaluated and photographed on a Zeiss LSM510 META
confocal microscope.
2.6. Pulse-chase assay
HeLa Cells were transfected with an equal amount of hOLFML1-
3.1A. At 24 h post-transfection, cell viability was assessed using trypan
blue staining. Cells were then starved with Met/Cys-free DMEM with
5% dialyzed FBS (Invitrogen) for 1 h. Cells were then pulsed with
100 lCi/ml [35S]methionine for 30 min, followed by a chase in regular
DMEM medium with 2 mM methionine and 2 mM cysteine for 0, 0.5,
1, or 2 h. The culture medium at each time point was collected and
puriﬁed using Ni-NTA agarose beads. Samples were separated by
SDS–PAGE gel, then dried and followed by autoradiographic analy-
sis.
2.7. Northern blot analysis and immunohistochemistry staining
Northern blot analysis was performed on the Human Multiple Tis-
sue Northern Blot (Clontech). The protein-coding sequence of hOL-
FML1 was used as a template to generate [a-32P] dCTP-labeled
probe. Prehybridization, hybridization and washing were carried out
following standard procedures. For autoradiography, membranes were
exposed to a storage PhosphorImager screen. A b-actin probe was used
for loading control. For immunohistochemistry staining, 5 lm sections
of small intestinal tissue were deparaﬃnized and rehydrated with phos-
phate-buﬀered saline (PBS). After 10 min in blocking buﬀer (PBS con-
taining 10% normal goat serum), the samples were incubated
sequentially with primary antibody (anti-hOLFML1, 1:100) and withanti-rabbit EnVision secondary antibody (DAKO). The signals were
detected with diaminobenzidine (DAB) substrate kit (DAKO). Pre-im-
mune serum was used as negative control. All these sections were then
counterstained with hematoxylin.
2.8. Cell proliferation and ﬂow cytometry analysis
Cell proliferation was performed using Cell Counting Kit-8 (CCK-8,
Dojindo). After transfection, cells were plated in 96-well plates at
2000–4000 cells per well and cultured in the growth medium. In anti-
body blocking well, 10 lg/ml anti-hOLFML1 rabbit polyclonal anti-
body was added. Meanwhile, the PBS solution and rabbit pre-
immune antibody were used as controls. At the indicated time points,
10 ll CCK-8 solution was added to each well and incubated for 1 h,
and the cell proliferation in triplicate wells were determined by reading
the absorbance at 450 nm. To analyze the cell cycle, cells were har-
vested prior to conﬂuence and re-suspended in PBS buﬀer containing
20 lg/ml propidium iodide (PI) and 500 lg/ml RNase A. Flow cytom-
etry analysis was performed on a FACSCalibur and analyzed using
CellQuest software (Becton Dickinson). The DNA contents of cells
were determined by PI staining and analyzed with ModFit LT software
(Verity Software House). All experiments were repeated at least three
times with similar results.
2.9. RNA interference
Synthetic siRNAs (GenePharma, Shanghai, China) were delivered
into Huh-7 cells using the Lipofectamine 2000 reagent. The scrambled
siRNA, as a negative control, was designed to have the same nucleo-
tide composition as the speciﬁc hOLFML1 siRNA but lack signiﬁcant
homology to the human genome. The nucleotide sequences of the siR-
NA were GGAGAUUGACUACAUACAAdTdT (hOLFML1) and
AUAUCACGACGAAGUAUGAdTdT (control).3. Results
3.1. Identiﬁcation of hOLFML1, a novel evolutionary conserved
gene
We predicted novel secreted proteins based on human gen-
ome through some bioinformatic tools, and successfully
screened out many secreted proteins [3–5]. Here hOLFML1
was also screened out as a potential novel secreted protein
through the same strategy. The SignalP and SOSUI softwares
indicated that the hOLFML1 protein has a signiﬁcant signal
peptide in its N-terminus (1–20 aa) and the PSORT program
predicted that the possibility of extracellular localization is
44.4%, higher than those of endoplasmic reticulum (ER,
22.2%) and cytoplasmic (11.1%). All these bioinformatic anal-
yses suggested that the hypothetical gene hOLFML1 might en-
code a secreted protein.
hOLFML1 gene is located on human chromosome 11p15
with 3 exons and 2 introns. This gene contains an opening
reading frame of 1209 nucleotides which encodes a protein
with a large OLF domain in the C-terminus. hOLFML1
homologues of other organisms were also identiﬁed by search-
ing against the databases deposited in NCBI website. A puta-
tive OLF domain was found in all available hOLFML1
orthologs. OLFML1 sequences from Homo sapiens (human,
NP_940876.1), Pan troglodytes (chimpanzee, XP_521825.1),
Macaca mulatta (rhesus monkeys, XP_001111380.1), Mus
musculus (mouse, EDL16863.1), Rattus norvegicus (rat,
NP_001013210.1), Monodelphis domestica (short-tailed opos-
sum, XP_001377894.1), Canis familiaris (domestic dog,
XP_534043.2), Equus caballus (horse, XP_001504761.1), Bos
taurus (cattle, NP_001030462.1), Gallus gallus (chicken,
XP_426398.2), Xenopus laevis (african clawed frog,
NP_001088445.1), Danio rerio (zebraﬁsh, XP_001342693.1),
and Tetraodon nigroviridis (puﬀerﬁsh, CAG11764.1) were ana-
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logs from primates (chimpanzee, 99% identity), mammals
(e.g., mouse and rat, 90% and 85% identity, respectively),
chicken (64% identity), amphibians (African clawed frog,
54% identity) and ﬁsh (zebraﬁsh and puﬀerﬁsh, 57% and
55% identity, respectively) (see Fig. 1A). The phylogenetic rela-
tionship among these OLFML1 genes was analyzed using
MEGA4 software (Fig. 1B), where Neighbor-Joining method
was employed to construct the phylogenetic tree and a boot-
strap test with 1000 replications was implemented to test the
reliability of the tree. The phylogenetic analysis showed thatFig. 1. OLFML1 sequence alignment and phylogenetic analysis. (A) Alignme
Identical and similar amino acids are indicated by black and grey boxes, res
Bioinformatic softwares ClustalW and MEGA4 were employed to comparethese OLFML1 proteins are highly conserved across vertebrate
species.
3.2. hOLFML1 is a highly glycosylated secreted protein
To determine whether hOLFML1 is secreted into extracellu-
lar medium, the plasmid pcDNA3.1-hOLFML1-Myc-His
encoding the c-Myc-tagged hOLFML1 was transiently trans-
fected into COS-7 cells. Both the culture media and the cell ly-
sate were collected 48 h after cell transfection, and Western
blot assay was then performed with anti-c-myc antibody.
The resulting data showed that the c-Myc-tagged hOLFML1nt of human, chimpanzee, rat, mouse, chicken, frog and ﬁsh OLFML1.
pectively. (B) Phylogenetic tree of human OLFML1 and its orthologs.
their evolutionary relationship.
Fig. 2. Secretion and glycosylation analysis of hOLFML1. (A) Myc-His tagged hOLFML1 was signiﬁcantly secreted from the transfected COS-7
cells. Ni-NTA resin-puriﬁed cell culture media and lysate samples were subjected to immunoblotting with anti-c-Myc. Empty pcDNA3.1 and plasmid
containing human growth hormone were used as negative and positive controls, respectively. (B) Deglycosylation analysis of hOLFML1. The
puriﬁed protein samples were treated with (+) or without () PNGase F. The size of deglycosylated hOLFML1 protein is consistent with the
molecular mass of in vitro translated product of hOLFML1-Myc-His. Luciferase was used as positive control. (C) Pulse-chase assay. hOLFML1-
transfected HeLa cells were pulsed with [35S]methionine for 30 min followed by a chase for 0, 0.5, 1, and 2 h. the culture media samples from the
indicated time points were collected, separated by SDS–PAGE and autoradiographed. (D) The secretion of endogenous hOLFML1 could be detected
in these cells cultured with ultraﬁltered-FBS (<10 kDa ultraﬁltrate of FBS).
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suggesting that hOLFML1, as a secreted protein, could be ex-
ported into extracellular medium, in accordance with our pre-
diction. To exclude the probability that hOLFML1 in culture
medium was derived from died cells, we evaluated the cell
death via trypan blue staining and no visible cell death was ob-
served (data not shown). The data revealed that the hOL-
FML1 protein in culture medium was from living cells, not
from decomposed cells. Interestingly, the size of the speciﬁc
protein band is about 65 kDa, much larger than the predicted
molecular mass of hOLFML1, implying that the protein could
be processed by certain biochemical modiﬁcation during its
secretion. Herein, bioinformatic analysis showed that hOL-
FML1 contains three potential N-glycosylation sites (residues
66, 138 and 183). To investigate whether the glycosylation oc-
curred, we treated these protein samples with the deglycosylat-
ing enzyme PNGase F. After incubated with this enzyme, the
detected protein band decreased to about 46 kDa, in consis-
tence with that of in vitro translated product (Fig. 2B), indicat-
ing that the protein could be modiﬁed by the N-glycosylation.
Moreover, the pulse-chase assay was employed to investigate
the kinetics of hOLFML1 secretion. As shown in Fig. 2C, a
small amount of the protein was detected in culture medium
collected at 30 min post pulse, and a signiﬁcant amount of
the hOLFML1 protein was secreted into the culture medium
after 1 h chase time.
To further test whether endogenous hOLFML1 is indeed se-
creted, Western blot assay was performed on several human
cell lines (Supplementary Fig. 1A). The endogenous hOL-FML1 expression in Huh-7 (human hepatocarcinoma cell line)
and A431 (human epidermoid carcinoma cell line) was higher
than those in A549 (human lung carcinoma cell line) and HeLa
cells. Therefore, Huh-7 cell line was then employed to deter-
mine if endogenous hOLMFL1 could be secreted into the cul-
ture medium. When Huh-7 cells were cultured in DMEM
supplemented with 10% normal FBS, hOLFML1 protein was
diﬃcult to be distinguished from the bulky bands shown by
the Western blot assay (Supplementary Fig. 1B). To exclude
the mask of some abundant serum proteins, we here employed
the ultraﬁltered-FBS for the cell culture experiments. Interest-
ingly, the secreted hOLFML1 protein could be easily detected
in the culture medium of Huh-7 cells with the ultraﬁltered-FBS
(Fig. 2D), even if with 1% concentration. However, it failed to
detect the secretion of hOLFML1 as the withdrawal of FBS
from the medium, suggesting that there could be certain induc-
ing agent(s) in serum to trigger the secretion of hOLFML1. To
address it, we employed some cytokines and growth factors,
such as TGF-a, IGF and EGF, to trigger the secretion of hOL-
FML1 in medium without FBS, however, no secretion of hOL-
FML1 was observed (data not shown).
To evaluate the dynamics of endogenous hOLFML1 secre-
tion, we performed a time-course immunoﬂuorescence staining
assay. As shown in Fig. 3A, hOLFML1 was signiﬁcantly co-
localized with the Golgi apparatus, as indicated by the YFP
fusion protein. Interestingly, the amount of co-localization
decreased gradually upon cycloheximide administration, and
almost no co-localization was found at 2 h after treatment,
suggesting that hOLFML1 could be secreted into extracellular
Fig. 3. The time-course dynamics of hOLFML1 secretion. (A) Huh-7 cells were transfected with plasmid pEYFP-Golgi. Immunoﬂuorescence
staining was performed using a rabbit polyclonal antibody against hOLFML1 at 0, 1 and 2 h after CHX treatment to inhibit the translation of the
hOLFML1. The merged images showed the co-localization of hOLFML1 with Golgi apparatus (yellow) through a confocal laser-scanning
microscopy. Bars, 5 lm. (B) After CHX treatment, Huh-7 cell lysates from the indicated time points were detected by Western blot assay with the
anti-hOLFML1 antibody.
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formed the Western blot analysis on the cell lysates of the indi-
cated time points to conﬁrm the decrease of intracellular
hOLFML1, due to its exportation to extracellular medium
(Fig. 3B). The resulting data showed that hOLFML1 de-
creased at 60 min after CHX treatment, and very little hOL-
FML1 was remained in these cells at 120 min, in consistence
with the co-localization of hOLFML1 with the Golgi appara-
tus.
3.3. Tissue distribution of hOLFML1
To determine the tissue expression pattern of hOLFML1, we
performed Northern blot analysis on the Clontech multiple-tis-
sue membrane using hOLFML1 probe. The data showed that
three transcripts of about 2.0 kb, 2.4 kb and 3.0 kb were de-
tected in several tested human tissues. Among these tissues,
hOLFML1 mRNA was highly expressed in small intestine,
liver, lung, heart and spleen (Fig. 4A), and weakly in placenta,
kidney, colon and skeletal; whereas no signal could be detected
in peripheral blood leukocyte, thymus and brain.
To analyze the expression of endogenous hOLFML1 pro-
tein, we generated a rabbit polyclonal antibody against hOL-FML1 for immunohistochemical staining assay. The
endogenous hOLFML1 was strongly expressed in human
small intestine villi and their surroundings (Fig. 4B), consistent
with the Northern blot analysis.
3.4. hOLFML1 promotes cell proliferation and cell cycle
progression in vitro
Since some members of OLF family have been demonstrated
to play essential roles in various physiological processes,
including promoting neurogenesis and taking part in cell sig-
naling transduction [16], we wondered whether hOLFML1
could play a biological role on some cells. Thus, the cellular
proliferation assay was ﬁrst performed on HeLa cells. Interest-
ingly, as shown in Fig. 5A, the over-expressed hOLFML1 via
the transient cell transfection promotes the cellular prolifera-
tion of HeLa cells, as compared with vector-transfected con-
trol (P < 0.05). To further conﬁrm the ability of hOLFML1
to promote cell proliferation, we employed the synthesized
small interference RNA (siRNA) to knockdown the endoge-
nous hOLFML1 of Huh-7 cells, and then measured the prolif-
eration of these cells. As shown in Fig. 5B, siRNA against
hOLFML1 can signiﬁcantly inhibit the cell proliferation,
Fig. 4. Tissue expression pattern of hOLFML1. (A) Northern blot membrane containing human multiple tissues was hybridized with a 32P-labeled
hOLFML1 probe, where b-actin was used as a loading control. (B) Immunohistochemistry staining was performed on adult human small intestine
tissue sections using the rabbit anti-hOLFML1 antibody (right panel). Representative positive stainings were indicated by arrows. Meanwhile, pre-
immune rabbit IgG was used as negative control (left panel). All sections were counterstained with hematoxylin.
Fig. 5. hOLFML1 promotes cell proliferation and cell cycle progression in vitro. (A) Growth curve of hOLFML1-transfected HeLa cells. Cell
proliferation was measured using CCK-8. Empty vector was used a control. (B) Eﬀect of hOLFML1 knockdown on cell growth in Huh-7 cells.
hOLFML1 was analyzed by Western blot with anti-hOLFML1 antibody. (C) Cell cycle of hOLFML1-transfected HeLa cells. The cell numbers and
DNA contents were detected by FACS. Empty vector was used a control. (D) Cell cycle of Huh-7 cells with hOLFML1 knockdown. Statistical
analysis of cell cycle proﬁles was presented in the right panel. *P < 0.05 as compared with controls. These values were obtained from triplicate
experiments and are indicated as means and standard deviation.
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bled siRNA).
To further assess whether the cell cycle could contribute to
the cell proliferation, we performed FACS analysis on HeLa
cells transfected by exogenous hOLFML1. A representative
example depicting the eﬀect of hOLFML1 on cell cycle of
HeLa cells is summarized in Fig. 5C. Herein, compared to
the control cells, hOLFML1-over-expressing cells displayed a
signiﬁcantly increased S-phase population (40.66% vs
28.50%, P < 0.05) and decreased G0/G1 phase population
(50.45% vs 61.82%, P < 0.05), as well as no considerable
change in these cells within G2/M phase. In contrast, the hOL-
FML1 knockdown can lead to a considerable decrease of cell
population in S phase, along with the increase in G0/G1 pop-
ulation, compared to the control cells (P < 0.05) (Fig. 5D). The
similar eﬀect of hOLFML1 on cell cycle was also achieved in
human colon carcinoma cell line SW620 (data not shown).
These collected data indicated that hOLFML1 could promote
the entry of S phase that contributes to cell proliferation via
the accelerated cell cycle.
Inasmuch as hOLFML1 is a protein that can be secreted
into culture medium, we tried to examine whether the rabbit
antibody against hOLFML1 could block the hOLFML1-in-
duced cell growth. Interestingly, the hOLFML1 antibody can
suppress the cell proliferation and delay the cell cycle progres-
sion of hOLFML1-transfected HeLa cells, compared with the
negative controls of PBS and rabbit pre-immune antibody (see
Supplementary Fig. 2), implying that the secreted extracellular
hOLFML1, not the intracellular form, could play the key role
on cell growth.4. Discussion
In this study, we isolated and characterized a new member of
OLF family proteins, hOLFML1, through a combination of
computational and functional screenings. We described, for
the ﬁrst time, the characterization of hOLFML1 and its ortho-
logs. These OLFML1 orthologs are highly evolutionarily con-
served among distant vertebrates, indicating that these
proteins may play important roles. hOLFML1 secreted into
the extracellular medium was processed by N-glycosylation,
as indicated by PNGase F deglycosylation assay. Since the gly-
cosylation is an important post-translational modiﬁcation, it
could be essential for physiological activity in eukaryotic
organism. Glycosylation can aﬀect protein stability, regulate
protein turnover [17], and promote protein secretion [4]. It is
well-documented that N-glycosylation can mediate protein exit
from the Golgi apparatus to the cell surface [18]. Herein, our
data suggested that hOLFML1 could be secreted into culture
medium via the Golgi apparatus, where N-glycosylation could
be helpful for the secretion of hOLFML1.
Interestingly, we observed that the endogenous hOLFML1
is, in fact, secreted into culture medium when ultraﬁltrated-
FBS was used, although the bulky bands could contain the
endogenous hOLFML1 with normal FBS treatment, for the
abundant serum proteins such as albumin and IgG heavy
chain in the 55–72 kDa range of molecular weight may mask
the detection of lower abundance proteins [19,20]. We failed
to detect the endogenous secreted hOLFML1 without ultraﬁl-
trated-FBS, which implied that certain active factor(s) could be
required for the secretion of hOLFML1. These factors wereworthy of investigation, although we have not identiﬁed them
so far.
The observations in this work indicated that hOLFML1
mRNA was primarily expressed in small intestine, whilst the
immunohistochemistry staining showed that hOLFML1 pro-
tein was located in the epithelium surroundings of the villi,
where the adult intestinal epithelium undergoes continuous
replacement of epithelial cells through a stereotyped self-re-
newal cycle of cell division, diﬀerentiation, migration, and
exfoliation [21]. Whether hOLFML1 play a role in formation,
self-renewal and regeneration of the villous epithelium requires
further investigated. Consistent with this idea, we found that
hOLFML1 enhanced cell proliferation in vitro via accelerating
the entry of S phase, whereas the knockdown of hOLFML1
could negatively alter the eﬀect of hOLFML1 on the cell
growth and cell cycle proﬁle.
The emerging OLF family plays a wide range of biological
roles. Most of the other known members were restrictedly ex-
pressed in certain tissues, where they may function in tissue-
speciﬁc extracellular regulation of development, diﬀerentiation
or signal transduction pathways [22]. For example, noelin-1,
gliomedin and olfactomedin-2 promote the neurogenesis in
neural tissue [10,23–25]. hGC-1 exerts a crucial role in the
development and diﬀerentiation of myeloid lineage [22] and
hOLF44 is involved in human placental and embryonic devel-
opment [3]. Given the preferential expression of hOLFML1 in
small intestine, it is conceivable that this gene is involved in the
self-renewal and regeneration of small intestine villous epithe-
lium.
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